FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: CSD-TCA-G ORIGINATOR: JSC PROJECT: Orbirer (ISS5A DTY'5)
PART NAME: Banery Pack LRUARY PART NUMBER: sepaw 26240-301 QUANTITY: |
PART NUMBER; SEL33103#36.707 LRU/ORT PART NAME: Thormai €ule SYSTEM: EvA Fuypipment
LSC CONTROL NO; H/A DRAWINGREF DESTGNATOR: SEQAAL03%46 SUBSYSTEM: Daa Callacuon
FONENLODCATION: siddeck £1.8 EFFECTIVITY'AFFECT STAGE: ST547 & SUBS

CRITICALITY:
CRITICAL ITEM? _ Yas SUCCESS PATHS: ]
CRITICALITY CATEGORY _ L SUCCESS PATH REMAINING: 1

END ITEM NAME: N/A
END ITEM FUNCTTONAL: N/A
END ITEM CAPABILITY: N/A

END ITEM FATLURE TOLERANCE: N/A

REDUNDANCY SCREENS:
C/0 PRELAUNCH: NfA

C/O ON ORBIT: Nia

DETECTION FLIGHT CREW: N/A

DETECTION GROUND CREW: N/A

LO55 OF REBUNDANCY FROM SINGLE CAUSE: N/A
ON-ORBIT RESTORABILITY:: Nf A

ok Lot

Loy

FUNCTLON: End Item and 1181 /LR1))

A hollow cube equipped wilh radiamerers and tiermocouples 1o obtain thermalgnvironmental data. A batiezy provides power 10
cleriranics package over a sight hour pericd. The asss s cutfilled with an exiension arm. enibling it 1o oblain a clear fizld of view
avwvay from EVA crewme inber

FAILURE MODE CODE: N/A
FAILURE MODE: Intemal short of LIBCX C coll battery
CAUSE: shock. vibration, or defeclive scpamiar inzmbrang [ anifaciuring defec |

REEMAINING PATHS: EFFECTS MISSION PHASE: All
A

CORRECTIVE ACTION:
Moug

FAILURE EFFECTS5-

END ITEM/LRU/DRUVASSEMELY: Themmal Cube Eiile 1o operate.

SUBSYSTEM/NEXT ASSEMBLY/INTERFACE: MN/a

S5YSTEM/END ITEM/DISSION: Pantial loss of DT} objeciives

CREW/YEHICLE: Possible loss of crew due o 1oxic venting ar explosion.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: C5D-TCA-06 ORIGINATOR: JSC PROJECT: Orbiter (ISSA BTOS) ‘
PFART NAME: Batery Pack LEUORT PART NUMEER; $EDa3s 1 26240301 QUANTITY:

PART NUMBER; SED33101845- 700 LEU/ORT PART NAME:! Thermal Culn SYSTEM.: £V Egmpunit

LSC CONTROL NO: YA DRAWING/REF DESICNATGR: sFN3V8M4s SUBSYSTEDM: Uara Calceten
ZONE/LOCATION: y[wded P1LR EFFECTIVITY/AFFELT STAGE: 5TS43 & SITRS

HAZARD INFORMATION;

HAZARD: YES 3 NO__ Explasion or venting of LIBCX hatter
RAZARD ORGANIZATION CODE:; Controlled

HAZARD NUMBER: Li BCX-1

TIME T EFFECT: innnetials

TIME TO DETECT: seconds

TIME T CORRECT: none

FAILURE DETECTIONM/FLIGHT - vuual /gronind-nons

REMARKS:
This Battery is the same battery used in the Wircless Crew Communication System (WCCS).
Qualification for it’s use in the Thermal Cube Assy, is based on similarity to the WCCS and additianat
assembly level testing { AVT, shock and Thermal ¥acoum tesis). The CTL was created in order to satish ¥

the requirements of NSTS 22206D paragraph 3.4.1.f .
-RATIONALE FOR ACCEFTABILITY-

(AY DESIGN:

(1) The battery consists of 2 Li-BCX C-Cells which use lithinm (Li) as the anode and thionyl chloride (SO 1.} with 14 percent
bromide chloride {BrC 1) as the catholyte reacting on an incrl carbon cathode o produce an open circuit volmge of 3.9 valis. The
normal operating lemperaiure cange for the LIBCX cell is - HPF o b)°F.

(2} A fiberglass separator material botween thg poaitive and negalive clecimdes is designed 1w provide won conduction while
iusulating against internal shorts,

{3} The cell contents are conlained in ap approximately (.019 inch thigk KL stiuniess steel case with a 0.497 inch TIG welded lid

(B) TEST:
Component_Acceptance:

{11 Yeodor celb lol certificanan (acceptance’ est (Boeing-FEPC Spec P32/A TPRIN) A cemified Jow is dafined as a set of cells
which has been consecubively made within 4 conscoutive cuendar days nsing a single barch of elecerolyte mix. Additiomally. the
cells are made from one barch of anode. cathode. and separabor malensh, To certil o lol 4 sanple | 16 w0 20 percenl wanimmngy of
A lot is subjecred 0 the following \est performed by ihe vendor

12) Capacity Duschatge - one sample (% percenn) of cells is discharged through o 73 obm load ar 70°F unnl reaching a curoll voitage
af 2 voltz, Pass/Fail Criteron - average capacity must be grealer than 6.5 immpere hours. Fuse check - 4 prupere fuse st blow
witlun |5 scoonds ar & ampercs. Over Discharpe Tolerance - 1 weeks after the dischargs s<at, 1he celbs arg over discharged al low
cnerent for 14 hours 31 L6O°F with bypass diodes. Pass/Fail Criterion - no venting or rupure of el marerial.

131 High Temperiture Exposure - a second saunple (6 perceut) is placed in ap oven 2040°F for 2 howrs. PassFal Crilenon - no .
venling or leaking.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: CSD-TCA-I%6 ORIGINATOR: J5¢ PROJECT: Orhiter [IS54 DTO'S)
PART NAME: Batery Pock LRU/ORY PART NUMBER: sEDM1 624000 OUANTITY: |

PART NLMBER; SED33L05Ra6- 79 LEIVORU PART NAME: Tlermal Culie SYSTEM: Ev - Equipment
LSC CONTROL Nk N/A DRAWING/REF DESIGHATOR: SE13 004844 SUBSYSTEM: am Collevuon
FONE/LOCATION: sidlet £LI EFFECTIVITY/AFFECT STAGE: 5T5a3 & SUES

TEST {enmt.)

(41 Shon Crrent Tolerange = 2 tlird sample (4 peroont ) s clegtocally shorted threeh 2 load equal o 308 milaiims PassFail
Crilenpn = o venling or leaking.

(3] A sample of four celis par lor iz subjected to random vibralion for |3 minuesdaxis prion 10 being dischargsd for capaciny
information. the mndom vikmtion spaeirum:

FREQUENLCY HE) LEVEL
Hiro Rk +3dB_|"D|:LEI'\'l:
Rib o 350 lgHz
150 o M) Tbfon v

Tl DCV is menitored during esting and 3 load tesi is periormed alier vIBraLon [esing |5 complae.

() & 30 degree F remperaiiee exposnre fest is perforied on | fresh celi and | disclharged cell Pass £ Fail criteria is oo venting or
lcakage

{7t Visual and gpen circuit voltage (0] rests is pertonmed an B percent of delivered cells.
Ageembly Acceptance 1£51

The Thermal Cube Assembiy is subjected to the icllowing AVT for a duration of 1 e per axis The theemal cubes perdformance
is verified prior to and following the test.

Frequency (Hx) Levsl:

21 +3dbion)
A 10 330 04t GUHe
33t ZKI ~Sdbiox

Component Cemificanon:

(L During banery certification. the LIBCX cell was cvaluatad over a viricty af perfoncinee and off limins st conditions in order 1
meet the requirements for ceraficatgn;

a. Open circuit and load voiuge

b Shock and vikration

"

Capacity discharpe.

(= 8

. {reerdischarge.

r

High icmperaiire cxposact mlermnce esting (e anlysis).

Lol o Tl -~ LN,



FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: CSITCA-IG ORIGINATOR: J5C PROJECT: Orbiter (1554 DTO'S) .
PART NAME: Battery Pack LEU/ORU PART NUMBEHR: SEDI9126240-301 QUANTITY:

PART MUMEER: s£D31 10184674 LEU/ORLU PART NAME! Tharmual Culw SYSTEM: EVa Eyuipment

LEC CONTROL NO: MiA DRAWING/REF DESLGNATOR: SELDAS %A STUBSYSTEM: Cana Collactinn
ZONE/LOCATION: Middeck TR EFFECTIVITY/AFFECT STAGE: 53T5053 & SUES

[ OfTgassing (by analysis).

TEST (conL)

(2} For certification lesting, four batieries were subjected to mandom vibration accordug to the following speetrum for |5 minutes in
gach of three muiually perpendicular axis withont éxpenencmg a Fnilure.

FREQUENCY Hz) LEVEL

20 to K +idBfoctave
REb g 350 1167 He
350 10 20410 -3 g Mz

£3) Shock: Testing ta MIL STD - 310 for bench handling.
In

Afier haltery configuration has been certified, cach batery is usable Far flight for the length of its sl life from date of cell ‘
nanifeiure. This non-rechargeable battens may be reflown as long as 11 was ool used duriag flight. Once a batrery bas lid aoy ke

{n¢ maer how limited) during a mission. it is removed from inveniory and subminied for disposal. Linused batlerias

are subjected 1o a visual inspection. OCV. and load st and relurned 16 fight sue. provided its slhell life has ool axpired. The

length of its shelf hfe 15 10 be detcriined by on going 125t Used batleries will be paniilly disasseuibled. the cells will be renoved

for disposal and the chectrical componems will be checked. The cuses witl be refurtiched with new cells, and as needed. new

elecirical compansns.

Ascemblv Cartification

The following envircmmental tests are perforined an the thermal cube assemby. The ezl cubes performance is verified priae to
and Eollowing the tesr.

(1) Shock Test = 20p's . Llms rermunal sawtoolh on sach axis.
{21 Elecuromagnetic compatibility Tests - Perfonnance to SL-E02 verified,

£33 Thormal Yacuwn Test - A thermal enviroinens o produce an adiabatic surface ieniperam on An ortho fabric surface of -
122 F ( for Ples.band + 255 F § Far 1 b} ata pressane of (001 i He. -

{€y INSPECTION:

ManuFacturing,

During vendor cell manufacurinpsicceptance lesting. 100 percein of the cells are wamufactired under on site Defense Conieact
Adminisirarion Services (DICAS) delegition.

1. Electrode plates and separator material arc chiecked for burrs and wisalignmen. .

b Ohmne resistance aceass Lie do cell erminal is checked.



FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

EMEA NUMEER: CSD-TCA-Ilb ORIGINATOR: ISC PROJECT: Urbiter (1554 DTO'S)
PART NAME: Bauery Pack LERL/ORU PART NUMBER: senavizaz - OQUANTITY: |

PART NUMBER; SEL37 109 87115 LRU/ORI FPART MAME: Thamal Culw SYSTEM: Eva Equipment
LAC CONTROL NO. MNiA DRAWING/REF DESTGNATOR: sLuaatiean SUBSYSTEM: Duu Cullovnan
ZONE/LOCATION: »iddeck FLE EFFECTI¥ITYAFFECT STAGE: 5T363 & SUBS

¢ Each cell is idznotied by 3 sereal number.

d After filling the cell with elecirelvie and [nishing ils terminal assembly. each cell is x-raved i o directions @ exanune the
assembled interoal configuration and ns teraumal assy wihich conuins o ast blow Huse.

INSPECTION {cont.)

c. Aficr Dlliog, alt Qe cells are pot oanoven at D0 degree F For 2 Dowrs followed by

b OCY iest - must be rreaner than 3 83 volis.
T Load west - mast b grenter e 3.5 volts.
3. Sice and weigln check 1o verdy no swelling of voanng econened.

MNote: Visual and OCY inspections are done on 1A percenn of the deliverad calls. All the tests comducizd in pan 2 and inspections

i parl 3 serve 1o preveny the acourrence of internal shoms in light balieries gootaining these cetls by product qualiiy coniral during
manufacluring and by parainetric sereening during cell scceptince lesting,

Assenbly Inepeciipn

Fabrication - Criticil part dimensions | elerinces. appliicabion of lubncants, glc will fe ingpected 10 ensore  compliance with Hhe
part’s drawing. All TCA pars shall be verified 10 be visibly clean.”

Test - Quality Assurance surveillance is oguired al all 1cs1s and inspeclion. Discrepancy reponts are wnden on ali noucompliances
i FAILURE HISTORY:

MNoug reported. Creer |10 LiIBUX cells have own n e Showle Orbiret withont a luzardous cvent ocanming. Ne inkermal shors
huve been deected m o merg than 4,530 cells wested ar J5C, Funhermore. o such falures mave been repamed v any of over 2 oulhan

cells manufactnred and delivensd by the vendor

{E} OPERATIONAL USE: -

a Crperatipnal Effect of Failre - possible lose of crew member
b. Crew Action = nonc identified.
c Crew Training - None. [T a barery change ont is nesded.the crew s imined 10 perfori o preuses visual and subject

wemperanre checkedrn of 1he battery.,
o In-Flight Checkout - A preuse visual sud subject temperiinme checkout of the battery will be performed when possible.

(FY MAINTAINABILITY: N/A For METS

PREFPARED BY:({:. Wright REVISION:

DATE: 10/724/%4 WAIVER NUMEBER




FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMEER: £5D-TCA-04 QRIGINATOR: J3¢ PROJECT: Orbiter (1554 DTO'S) .
PART NAME: Batlicry Fack LRUARL PART NUNMBER: SERX 2024000tk QUANTITY: !

PART NUMEBER: SEDIA103Rd6-TIM LRU/ORL PART MNAME: I'hemni Lol SYSTEM; £V a Capriuiwr

LEC CONTROL NO: MN/a DRAWING/REF DESIGNATOR: SE1HI 0% SUBSYSTEM: Daa Collecwn

FONENLOQCATION: diddeck LB

EFFECTIVITY/AFFECT STAGE: 53T567 & 51IB5

ome_zg2=1 _ AanA



